A B S T R A C T The recycling perfusion of a fasted rat liver with an apoprotein E-enriched synthetic triglyceride emulsion revealed a significantly greater hepatic uptake of both the apoprotein and the triglyceride than did the liver of a chow-fed animal. This greater hepatic triglyceride uptake by the perfused fasted liver in comparison to the fed was also noted for emulsions containing no added apoprotein or supplemented with both the E and CIII-1 proteins. However, no difference in the uptake of the triglyceride emulsion was seen for the fed and fasted livers when evaluated by a nonrecycling single pass perfusion. The isolated hepatocyte plasma membranes from fasted rats failed to demonstrate enhanced binding of apoprotein or lipid when compared to those from fed animals. If the residual E loaded triglyceride emulsion was recovered from the recycling perfusates of fed and fasted livers and evaluated in a non-recycling single-pass system, the emulsion from the fasted perfusion was cleared as facilely as previously, whereas that from the fed was less actively cleared. The emulsions retrieved from the perfusion of the fed liver contained significantly more protein than did the fasted; in particular apo C. This apparent alteration of emulsion apoproteins by the fed liver possibly results in a less active hepatic retrieval and may be important in downregulating the entry of lipoprotein triglyceride in the postabsorptive liver.
INTRODUCTION
The fact that the dietary status of the rat profoundly influences the tissue distribution and metabolism of chylomicron triglyceride has been realized for many years (1) . Carbohydrate fed animals appear to retrieve relatively less chylomicron triglyceride in their livers in comparison to fasted animals. This observation was Received for publication 3 December 1980 and in revised form 29 December 1981. originally suggested to be due to the less active peripheral tissue lipolytic removal of chylomicron triglyceride in the fasted state with the residual lipid subsequently retrieved by the liver. Although the in vivo quantitation of hepatic unhydrolyzed triglyceride uptake suggests that in some species (2) this is a minor pathway for the entry of chylomicron triglyceride fatty acid into the liver, this is probably not the case in the rat. The double-labeled chylomicron tryglyceride distribution data (3) and the relative triglyceride content of the chylomicron remnant of a rat (4) indicate that in this specie the hepatic uptake of unhydrolyzed triglyceride is of quantitative importance.
A recent study (5) of isolated in vitro perfused rat livers has noted that a greater partition of added emulsion triglyceride into the fasted liver was seen when compared to the isolated fed liver. This suggests a primary hepatic contribution for the less active hepatic uptake of chylomicron triglyceride fatty acid previously noted (1) for the postprandial rat. The current studies were performed to elucidate the hepatic mechanism for the differing partition of emulsion triglyceride into the liver in the fasted and fed state.
METHODS
Apoprotein preparation. Human very low density lipoprotein (VLDL)' was obtained from fasted normal humans and patients with hyper pre-,3-lipoproteinemia (type IV) and isolated from plasma by an ultracentrifugation at 1 X 108 gmin in a Beckman model L5-65 ultracentrifuge (Beckman Instruments, Inc., Spinco Div., Palo Alto, CA) using a 50 rotor. The VLDL were repurified by two more centrifugations, then lyophilized and delipidated with 50 vol of 3:1 ethanol ether per volume of lipoprotein. The thoroughly nitrogen-dried apoproteins were dissolved in 5 M urea, 2 mM phosphate buffer and applied to a heparin affinity colunm as previously described (6) (10) .
Incubations of apoprotein with the synthetic triglyceride emulsion. The isolated apo E and CIII-1 proteins were incubated either singly or as a pair with the synthetic emulsion. The incubations were performed in Krebs-Ringer bicarbonate buffer with or without albumin depending on whether residual emulsion apoprotein content was being determined. The same ratios of apo E and CIII protein and lipid were used as previously described (11) . Incubation was performed in a metabolic shaker at 370C for 15 min, and the mixture centrifuged at 6 X 105 g-min. The supernatant was removed from the unincorporated protein and subsequently used for perfusions.
Liver perfusion. Male Sprague-Dawley rats weighing between 400 and 600 g were used in these studies. The fed animals were maintained on a standard chow regimen and were permitted unlimited access to the chow until 30 min before the perfusion. Food was withdrawn from the fasted rats 36 h before the study. Perfusions were performed in the early or mid-mornings using an approach essentially as described by Mortimore (12) . The perfusions were performed in either a recycling or a non-recycling fashion. The usual recycling perfusion lasted either 30 min or 1 h and used a Krebs-Ringer bicarbonate albumin buffer containing canine erythrocytes at a hematocrit of 10%. The erythrocytes were omitted from non-recycling perfusions and albumin from recycling perfusions where qualitative analysis of residual emulsion apoprotein was done. Oxygenation of the rotating reservoir that initially contained -175 ml of perfusate was produced with 95% 02, 5% CO2. After the portal vein had been cannulated and the hepatic vein was also cannulated, the perfusate was run through in a non-recycling fashion so as to rid the liver of associated endogenous apolipoproteins. This was evaluated by radial immunodiffusion using antisera to rat E and AI apoproteins and was found to usually be completed with 75 ml of perfusate. After the washout phase, the perfusion was then established in a recycling mode, and the triglyceride emulsion (250-300 mg triglyceride) with appropriate apoproteins was added to the -100 ml of remaining perfusate. The non-recycling hepatic perfusions were performed exactly as previously described (11) . At the conclusion of each perfusion, the livers were flushed with 100-200 ml of 0.9% saline at 4°C.
Characteristics of residual perfusate emulsions. In experiments where the triglyceride emulsion was isolated after a 30-min perfusion, the entire perfusate was intially centrifuged to remove the erythrocytes and subsequently ultracentrifuged as described above, to recover the triglyceride emulsion. An aliquot of the isolated emulsion was extracted and assayed for radioactivity so as to reinject the same triglyceride loads for the single pass studies.
To characterize the apoprotein and lipid contents of the residual triglyceride emulsion after a 30-min hepatic perfusion, albumin was omitted from the perfusate and the emulsion was ultracentrifuged three times to minimize infranatant contamination. Total lipid mass was determined gravimetrically from the N2 dried alcohol ether extracts and the individual lipids determined as described below; the protein content by either of two (13, 14) standard methods using a bovine albumin standard. The proteins were run in both urea and SDS polyacrylamide gels by standard methods (8, 9) . To quantitate the C protein content of the residual emulsion 1251 human apo CIII-1 (<1 jig; >10,000 counts) was added to the emulsion apoproteins dissolved in 0.1% SDS. Conventional SDS-10% PAGE was run in tube gels and the C protein region defined by gamma counting a tube to which only labeled protein was added. This area was cut from the gels and electrodialyzed into treated cellulose dialysis tubing that retains proteins of >3,500 daltons. The resulting solution was depleted of residual SDS by cooling to 40C or sequential addition of guanidine, then gamma counted and the protein assayed by the methods indicated above. Human apo CIII-1 was used as a standard with standard curves ranging from 2 to 30 Mtg. The determined protein was corrected for the recovery of radiolabel and expressed as micrograms per milligram emulsion lipid mass.
Membrane binding assay. Rat hepatocyte plasma membranes were prepared from fed and fasting animals by methods previously published (15, 16) . The final pellets were frozen in liquid nitrogen and stored at -80°C. The membranes were assayed within one week by suspending in 50 mM NaCl, 1 mM CaC12, and 20 mM Tris-HCI, pH 7.5 using a 22 needle and sonication (Branson Instruments Co.). The double-labeled triglyceride emulsions supplemented with '251-apo E ('0.2-0.5% emulsion mass) that were used for the perfusions, were used for these binding assays. The assay was performed as previously described (15, 16) using -100 Mg of membrane protein and varying concentrations of apoprotein supplemented emulsion. The Ca++ dependent binding was calculated for both the 125I and '4C data by subtracting the binding in the presence of EDTA from the total binding. The only difference from the assays described (16, 17) was that the calf serum used to wash the pellet was supplemented with an unlabeled apo E-enriched triglyceride emulsion.
Chemical and radiochemical assay. Aliquots of the perfusate and the injected substrate were extracted by the Dole (17) procedure and fractions assayed for double label radioactivity and other fractions chromatographed on a neutral lipid thin-layer system (18) . Triglyceride mass determinations were performed by a standard fluorometric method (19) ; cholesterol was determined by the Abell method (20) and phosphate as previously described (21) . After the termination of either the recycling or non-recycling perfusate, (Table I) . Significantly less apoprotein was recovered in the perfusate and more in the liver of the fasted rat than of the fed. However, the relative hepatic clearance of the apoprotein from the perfusate was less than the lipid in both dietary states.
The dietary difference in hepatic lipid uptake was observed as well, using triglyceride emulsions with apoprotein supplements other than simply apoprotein E (Table II) . These recycling perfusions were performed for 1 h and again demonstrated less hepatic 10 studies of fasted and fed animals were compared. These data were obtained with single-pass hepatic perfusions of only 2 mg of triglyceride per minute but no difference was noted for triglyceride loads of up to 25 mg per minute. The calcium dependent binding (15, 16) of the apo E supplemented triglyceride emulsions to hepatic plasma membranes did not indicate enhanced binding by the fasted membranes (Fig. 1A and B) . If anything, there appeared to be somewhat greater apo E emulsion binding to the fed hepatic plasma membrane preparations.
The perfusates from 30-min recycling fed and fasted hepatic perfusions were centrifuged as described to isolate the triglyceride emulsion containing the E apoprotein. Similar triglyceride loads (1.7 mg/min) of the recovered fasting and fed emulsions were infused into non-recycling isolated hepatic perfusions of fasted rats (Table III) . Significantly less hepatic uptake was noted for the emulsion recovered from the fed perfusions when compared with the fasted or with the single-pass uptake of the original E-enriched triglyc- * The data represent the mean (SE) of five albumin-free perfusions of fasted and five of fed rats using an emulsion that was not supplemented with apoprotein and similar studies with an emulsion to which apo E was added as described in the text.
I Protein electrodialyzed from the apo C region of an SDS-10%
PAGE run and assayed as described in the text. § Significantly different from the fasted at P < 0.05. "Significantly different from the fasted at P < 0.01. eride emulsion described above. This decrease in hepatic clearance of the recovered fed emulsion was also seen when the single pass perfusions were done in fed rats.
To minimize infranatant protein contamination of the residual emulsion during perfusions of fed and fasted livers, albumin was omitted. The fasted liver demonstrated the same greater hepatic uptake of emulsion than the fed in the albumin-free system. The relative lipid composition of the ultracentrifugally isolated residual emulsion from the fasted and fed perfusions was not significantly different (phospholipid: fasted 4.7%, fed 4.9%; triglyceride: fasted 93%, fed 94%).
The relative protein contents were significantly different for the fasted and fed perfusions not only for these emulsions containing E, but also when no apoproteins had been added to the emulsion (Table IV) . Not only did the residual emulsion obtained from the perfusates of the fed liver contain relatively more protein than the fasted, but the distribution appeared to differ (Fig. 2) . Relatively more protein was qualitatively appreciated in the lower molecular weight region (Fig. 2, band 6 ) of the emulsions isolated from the fed liver perfusions. When the apo C comigrating (on urea and SDS) band 6 was recovered by electrodialysis, it was observed to be significantly greater for the fed perfusions (Table IV) . The content of E protein determined by the ratio of 125I activity to triglyceride radioactivity was similar for the emulsions recovered from fed and fasted hepatic perfusions. Despite the relatively greater protein content of the emulsions recovered from the perfusions of fed livers, the sucrose gradient distribution (24) of the emulsions did not differ.
DISCUSSION
The data presented indicates that the fed liver less actively removes both triglyceride and E protein from a recycling perfusion media containing an E proteinenriched triglyceride emulsion than does the fasted liver. The lower recovery of labeled triglyceride in the fed liver appears to be on the basis of a lesser net uptake rather than an enhanced secretion of cleared and resynthesized triglyceride. The lack of a significant difference in the single pass studies that estimate initial uptake and the plasma membrane binding data between fed and fasted livers suggests that the dietary effect was not due to a change in the hepatocyte plasma membrane receptor system (15, 16) . These single pass studies have previously demonstrated (11, 25) dramatic differences in initial uptake of lipid depending on the apoprotein character of either the native lipoprotein or synthetic emulsion and are probably a good index of early, possibly receptor-mediated, hepatic lipid removal. The increased hepatic lipoprotein uptake suggested for the fasted canine has been observed to be mediated by the plasma membrane receptor that binds apo E-containing lipoproteins (26) . This difference with the rat data presented here may either be a species difference or on the basis of the lipoproteins being studied. FAST (27) might also answer this issue and is being pursued.
Another possible explanation for the observation that the fed liver differs in perfusate lipid clearance from the fasted in a recycling, but not a single-pass perfusion is that the emulsion was being altered during recycling so as to be less readily cleared by the liver. This possibility was readily tested by recovering the emulsions from the fed and fasted recycled perfusates and determining their initial uptakes in a single-pass perfusates and determining their intial uptakes in a single-pass perfusion. With similar triglyceride loads infused, the fasted emulsions have hepatic extractions comparable to the initial E load emulsion, whereas the fed was appreciably less. This suggests that during the 30-min recycling interval, a change had occurred in the emulsion of the fed system so as to decrease its retrieval by the liver when compared to the original emulsion introduced into the recycling perfusate. It might be argued that after a period of perfusion, an unchanged remnant of the original triglyceride emulsion that is poorly cleared by the fed liver remains in the perfusate. However, the single pass studies were done in fasted rats, where from the recycling data, such an inability to clear a fraction of the emulsion should not be present, yet the difference between the recovered emulsions is pronounced.
The only significant compostional difference noted for the synthetic emulsion perfused through a fed liver when compared with the fasted, was its greater protein content. This was difficult to appreciate in the perfusion studies using albumin because of contamination, despite gel filtration or repeated ultracentrifugal isolation. In the albumin-free system, this was readily apparent. It was also clear that an appreciable amount of this protein increment was due to proteins comigrating with CII and CIII on both urea and SDS polyacrylamide gels. We have observed (11) the latter to be an important inhibitor of hepatic triglyceride emulsion uptake and others (28) have indicated that both CII and CIII proteins act in this manner. It is currently unknown whether the small amounts of these proteins (<0.3%) observed on the emulsion would be sufficient to inhibit hepatic uptake. It is possible that the fed liver in the course of secreting more triglyceride-rich lipoprotein than the fasted, makes a greater complement of C protein accessible to the perfusate, and therefore a greater potential for the inhibition of triglyceride-rich lipoprotein uptake by the liver.
The observation that the liver of the fed rat is less able to retrieve an emulsion similar to a chylomicron dispersion has important implications with respect to the in vivo distribution of lipid. Such a property would permit a higher fraction of the chylomicron influx to be distributed to peripheral lipid storage sites in the fed state. This is, in fact, what has been seen (1) for the in vivo effects of fasting and feeding on chylomicron triglyceride distribution. The time interval of these isolated hepatic perfusion studies (<30 min) is compatible with the time frame of in vivo chylomicron clearance (29) again suggesting that this intrinsic hepatic down-regulation of lipid entry into the fed liver is of physiologic significance. The mechanisms of this down-regulation in the rat appears to be quite different from that suggested for the canine, where plasma membrane binding for high density lipoprotein-C appears to be significantly different in the fasted and fed state (26) .
